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In a  previous paper  I have been reported the results obtained,  as 
regards the development of agglutinating and protective antibodies 
in  the  blood,  when  rabbits  are  immunized by intravenous,  intra- 
peritoneal,  intramuscular or  subcutaneous  injections  of  heat-killed 
Type I pneumococci.  The duration of time that these antibodies per- 
sist in the blood was not discussed,  however.  In the present study 
rabbits immunized by these various methods have been studied over 
long periods of time, until the antibodies have disappeared from the 
blood or until the animals have died from extraneous causes. 
The methods employed were identical with those used in the pre- 
vious study.  The animals were bled 10 days after the last injection 
and thereafter every 30 days.  The immunity response and the per- 
sistence of immune bodies in the blood in the rabbits of the several 
groups are shown in Text-figs. 1 to 4. 
Rabbits Injected Intravenously 
In Text-fig. 1 is shown the course of development and disappearance 
of antibodies in the serum of nineteen rabbits which received, during 
the course of treatment, from 1 to 15 cc. of the suspension of heat-killed 
organisms.  Nine of the rabbits died from various causes before the 
completion of the observations. 
It is evident that agglutinins were demonstrable during only rela- 
tively short periods  following  the immunization.  In  Rabbit  A-14, 
which received 12  co. of the bacterial suspension, the agglutination 
titre of the serum after 10 days was 1:500  but after 30 days the titre 
had decreased to  1:10,  and on the 70th day no agglutinating power 
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TExT-FIe.  1.  Length of time during  which  agglutinins  and protective anti- 
bodies could be demonstrated in sera of rabbits which had been immunized intra- 
venously with heat-killed Type I pneumococcl. 
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whatever could be detected.  In no instance could type-specific agglu- 
tinins be demonstrated longer than 100 days. 
10 days after the course of immunization was ended the sera of all 
of the animals of this  group  showed well marked protective power. 
It is remarkable that  the sera of the rabbits which received a  total 
of 1 cc. of the bacterial suspension showed as high a titre of protective 
antibodies as did the sera of those which received as much as 15  cc. 
In the animals which received the larger amounts, however, the pro- 
tective subtances persisted longer than they did in the animals which 
received smaller amounts.  In Rabbit A-11 which received 9 cc. of the 
suspension, the serum showed high protective power 880 days after the 
completion of the immunization. 
Rabbits Immunized  IntraperitoneaUy 
The results in the rabbits immunized by intraperitoneal injections 
are shown in Text-fig. 2.  All but three of  these animals lived until 
demonstrable antibodies had disappeared from the blood.  In only ten 
of the nineteen animals of this series were agglutinins demonstrable 
and they never reached as high a  titre, nor did they persist so long, 
as in the animals injected intravenously.  Protective antibodies were 
present, however, in the sera of all the animals, and, in the animals 
which received more than 6 cc. of the suspension, the protective action 
of the serum was demonstrable for long periods.  Sera obtained from 
two of the rabbits 550 days after the course of immunization was com- 
pleted still protected mice against 0.0001  cc. of culture, and in  the 
case of one rabbit,  serum obtained 730 days after immunization still 
exhibited protective action. 
Rabbits Immunized Intramuscularly 
Text-fig. 3 shows the number of days during which agglutinins and 
protective antibodies were detectable in the sera  of fourteen rabbits 
immunized by intramuscular injections.  All these animals survived 
until antibodies could no longer be demonstrated in their blood.  The 
agglutinin fitre of the sera from the rabbits of this series was never 
high and the presence of agglutinins could be demonstrated for only 
short periods.  In fact, in the serum of only one of the rabbits could 
agglutinins be demonstrated as long as 40  days.  The results as re- I~tPapePitoneat  inoc~Jat~or~ 
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TExT-FIG.  2.  Length  of time during  which  agglutinins  and protective anti- 
bodies could be. demonstrated in sera of rabbits which had been immunized intra- 
peritoneally with heat-killed Type I pneumococci. 
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gards the development of protective power were also irregular.  Al- 
though,  in a  considerable number of the animals  serum obtained  10 
days  after  immunization  was  highly  protective,  this  property was 
quickly lost.  In only two of the rabbits could protective substances 
be demonstrated 160 days after inoculation. 
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TExT-FIG. 3.  Length  of time  during which agglutinlns and protective  anti- 
bodies could be demonstrated in sera of rabbits which had  been immunized in- 
tramuscularly with heat-killed Type I pneumococci. 
Rabbits Immunized Subcutaneously 
The  results  in  fifteen  rabbits  which  received  subcutaneous  injec- 
tions are shown in Text-fig. 4.  In  the sera of none of these rabbits 620  DURATION  OF  ANTIBODIES  IN"  SERU~ 
were  agglutinins  demonstrable  at  any  time.  Protective  antibodies 
also were present only in low concentrations  and they  rapidly disap- 
peared.  In this series the animals which received the smaller doses not 
only showed higher concentrations of protective antibodies in the serum 
than did the animals which received the larger amounts but the  anti- 
bodies persisted longer. 
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T~xT-FIo. 4.  Length  of time during which agglutinins and protective  anti- 
bodies cotfld be demonstrated in sera of rabbits which had  been immunized sub- 
cutaneously with heat-killed Type I pneumococci. 
DISCUSSION 
These experiments  show that in rabbits immunized  by  the injection 
of heat-killed  organisms  type-specific  agglutinins  are  demonstrable 
in the serum only for short periods of time, though  the actual length 
of  time that these antibodies persist depends, to some extent, upon  the 
route  of immunization  employed.  In  general,  the  agglutinin  titre 
is  highest and the agglufinins persist longest in  the animals immunized 
by intravenous injections; the agglutinins are present in less  high titre ERNEST  G.  STILLMAN  621 
and they persist for shorter periods in the animals immunized by the 
intraperitoneal route;  they are still less regularly demonstrable and 
they persist for still shorter periods in the animals immunized by intra- 
muscular injections; while in the animals immunized subcutaneously 
agglutinins are never demonstrable by the methods we have employed. 
It appears that the injection by any route of a suspension of killed 
pneumococci will stimulate  the production of protective  antibodies 
and that when only I cc. of the suspension is injected the serum will be 
of as high a titre as when 15 cc. is injected.  The length of time during 
which protective  antibodies  persist  in  the  serum,  however,  varies 
with the route of injection and the amount of the inoculum.  They 
persist longer in the animals receiving intravenous or intraperitoneal 
injections than  they do  in  the  animals injected intramuscularly or 
subcutaneously  and  in  general  they  persist  longer  in  the  animals 
receiving larger amounts of the suspensions than in those injected with 
smaller amounts. 
CONCLUSIONS 
In rabbits immunized by the injection of suspensions of heat-killed 
pneumococci the results obtained as regards not only the development 
of agglutinating and mouse protective antibodies, but also  the per- 
sistence of these bodies in the blood depend to a considerable extent 
upon the route of ~mrounization and the size of the inocula.  Aggluti- 
nins may appear in the sera of all the rabbits except those inoculated 
subcutaneously, but in most instances they disappear within a  short 
time. 
Protective antibodies appear in the sera of all rabbits,  no matter 
which route of injection be employed and they persist much longer 
than do the agglutinins.  They persist longest when the injections are 
made intravenously or intraperitoneally and are of briefest duration 
when the injections are made subcutaneously. 